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Ru/Quartz Filter Paper: A Recyclable Photothermocatalytic Film for CO,
Methanation™
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Abstract Photothermocatalysis provides a green approach to convert solar energy to chemical energy. In previous studies,
the most catalysts were powdered particles, which faces a problem that the light irradiation cannot reach the underlying cata-
lysts, thereby making these catalysts not exhibit activity. A possible resolution to this difficulty is to load active phase on a
thin substrate. In this study, a photothermocatalytic film of Ru/quartz filter paper (abbreviated as QFP) was designed, in
which the Ru particles were loaded on a QFP with a thickness as thin as 0.36 mm. A photothermal synthesis was adopted to
load the Ru particles. A 5 pL of precursor of RuCls ethanol solution was dripped on the QFP and then the QFP was dried un-
der the irradiation of Xe lamp; this operation was repeated until all the precursor were loaded. After that, the QFP with Ru
precursor was reduced in an atmosphere of Ho/Ar mixture [V(Hz) - V(Ar)=1 . 9] at photothermal 400 C for 30 min. The
loading mass of Ru particles were optimized by loading 1, 2, 3, and 4 mg of Ru on QFP to fabricate four samples. The X-ray
diffraction (XRD) measurement revealed that the QFP was amorphous while the loaded Ru particles were metallic. The scan-
ning electronic microscopy (SEM) indicated that the Ru particles were loaded on the SiO2 fiber of QFP steadily and most of
Ru particles possessed a size less than 200 nm. Next, the photothermocatalytic CO2 methanation was carried out over the
as-prepared catalysts to assess their catalytic activity. The catalyst with 2 mg Ru loading showed the highest performance; it
delivered an 85.5% of CO:z conversion during 2 h of light irradiation. Although the four samples exhibited different COz
conversion, the selectivities for CH4 product over these samples were all close to 100%. The stability of optimal catalyst was
tested in a flow-type reaction system; under a 5 mLemin ! flow rate of reactant gases, the CO2 conversion over the catalyst
could remain around 51% during 12 h and the apparent CH4 yield rate reached 478.1 mmolegru 'sh !. This study demon-
strates a photothermal synthesis of recyclable Ru/QFP film and its application of photothermocatalytic CO2 methanation,
which provides an energy-efficient process to achieve decarbonization and therefore is of great potential for practical applica-
tion.
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Figure 1 Situations of (a) powdered catalysts under light irradiation and
(b) Ru/quartz filter paper under light irradiation

2 ZER51718
21 HRERETIAZEIER

AW FCERL A RO I 4% Ru/ Ao S48 B
PRBEE. K FE A 1 mg Ru/mL ) RuCls () £ B 35 W0 I —

870  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(5 pL)fEABEpELE E(E 2a), A5 AR E T
ST R RS 2b), AT B A e g8 4R i i —
T T IRAR TRV, AR 20% I T SRR TR S, SONEE
YCRIN 2~3 AT ARAR IR OB IR ZE T, B R rA RTIK
PRI N TE(B 2¢). 7RSI T BT SR AR s, B9 LA
JEPEACHE Bl 4, AR S Ru B 9454 2d),
IXFE AT RO N AER, ST L. AR ORI
AINRSTHY Ru & @Bk, RN SRR MO AT A 9% 4
VRGN, 2RI T 1. 24 3 A4 mL DUZHEES, 705
SR Ru AEREN 1. 2. 3. 4mg. X HFROLHETAEE
(X-ray photoelectron spectroscopy, XPS)U1F S1 (W3 #F
5 12), Ru 3p F&4H 5% 7] 3 J& 4 Ru(0)F Ru(IV)#F#(1¢], Ru
3p fiT 462 eV H1485 eV Bt iy IE 73 il %) B - 3p
3/2 F3p 1/2 BSR40, 3R 5 AT Ru(IV) & B s, SRS
SI4 464.3 eV 5 487.9 eV, H Ru Kb TR & F 5
A ZE. AR AL S S Aa T, SRR S B T R &R
4P Hy/Ar I8 J3 S5 (R &, 50 mLemin ') R /#4400 C
IEJE 30 min, 152 Ru(0), X RAE 514 462.1 eV 1 484.3
eV. ML G e s i A ER IR 7 vk, % e
T PR TR 46 B (] HEAR KT 24 B

B2 ()N —E Ru ATSR AV A SCUEAR L (b)TUT e T4
(c) T N ZE I A R SR (d) B4 DE IR AR 8 2>

Figure 2 (a) Dropping one drip of Ru-contained precursor solution;
(b) drying with light irradiation of Xe lamp; (c) dripping all precursor
solution; (d) scissoring the blank part of quartz filter paper
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Figure 4 SEM images of (a) quartz filter paper and (b) Ru/quartz filter
paper (with 2 mg of Ru loading) samples and grain size distribution
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